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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method and a 
device for manufacturing an electron emission source by 
instantaneously transforming a surface of an arc 
discharged material consisting mainly of graphite into 
nano carbon by an arc discharge which does not 
necessarily require process vessels and the like but a 
welding arc torch or a similarly structured device and a 
method and a device for manufacturing a patterned 
electron emission source by transforming a part or parts 
of the surface of the arc discharged material into nano 
carbon. 

SOLUTION: A torch electrode 10 of an arc torch 1 which 
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is the first electrode and an arc discharged material 2 using a graphite plate which is the 
second electrode are placed in the air facing each other. An arc discharge is generated by 
impressing electric potential between the torch electrode 10 and the arc discharged material 
2. The graphite of the predetermined part of the material 2 is transformed into nano carbon by 
an arc discharge. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the nano carbon characterized by having the process which 
carries out opposite arrangement of the 1st electrode and the 2nd electrode which uses a carbon material 
as a principal component in atmospheric air, the process which an electrical potential difference is 
impressed [ process ] between said 1st electrode and said 2nd electrode, and generates arc discharge, and 
the process which changes the carbon material of the predetermined field of said 2nd electrode into nano 
carbon by said arc discharge. 

[Claim 2] The manufacture approach of the nano carbon according to claim 1 which said 1st electrode is 
a torch electrode prepared in the arc torch, and is characterized by having the process which changes the 
carbon material of the predetermined field of said 2nd electrode into nano carbon by said arc discharge, 
making this torch electrode and said 2nd electrode displaced relatively. 

[Claim 3] The manufacture approach of the nano carbon according to claim 1 or 2 characterized by 
changing the carbon material of the predetermined field of said 2nd electrode into nano carbon by said 
arc discharge while said 2nd electrode is prepared in the base material front face, holds this base 
material by the cooling member and cools said base material by this cooling member. 
[Claim 4] The manufacture approach of the nano carbon according to claim 1 or 2 characterized by 
changing the carbon material of the predetermined field of said 2nd electrode into nano carbon by said 
arc discharge while covering at least the arc discharge field generated between said 1st electrode, said 
2nd electrode, and two electrodes by the encapsulation member. 

[Claim 5] The manufacture approach of nano carbon according to claim 1 or 2 that the carbon material 
of said 2nd electrode is characterized by being in any of a graphite, activated carbon, and amorphous 
carbon. 

[Claim 6] The manufacture approach of the nano carbon according to claim 1 or 2 characterized by the 
carbon material containing the carbon material with which said 2nd electrode contains the catalyst 
metal, the carbon material with which the catalyst metal is formed in the front face, B, and a catalyst 
metal, the carbon material with which B is formed in the front face or B, and a catalyst metal being in 
any of the carbon material currently formed in the front face. 

[Claim 7] Said catalyst metal Li, B, Mg, aluminum, Si, P, S, K, calcium, Ti, V, Cr, Mn, Fe, Co, nickel, 
Cu, Zn, Ga, germanium, As, Y, Zr, Nb, Mo, Rh, Pd, In, Sn, Sb, La, Hf, Ta, W, Os, Pt, Or the 
manufacture approach of the nano carbon according to claim 6 characterized by being these oxides, a 
nitride, carbide, a sulfide, a chloride, a sulfuric-acid compound, nitric-acid compounds, or those mixture. 

[Claim 8] Claim 1 characterized by performing said arc discharge while supplying specific gas to the 
generating field of said arc discharge, 2, or the manufacture approach of nano carbon given in four. 
[Claim 9] The manufacture approach of nano carbon according to claim 8 that said specific gas is 
characterized by being rare gas, such as Ar and helium, air, nitrogen gas, carbon dioxide gas, oxygen 
gas, hydrogen gas, or these mixed gas. 

[Claim 10] The manufacture approach of nano carbon according to claim 1 or 2 that said 1st electrode is 
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characterized by using a graphite or W (tungsten) as a principal component. 

[Claim 1 1] The manufacture approach of the nano carbon according to claim 1 or 2 characterized by 
operating said arc discharge by a direct current or the direct-current pulse, and making said 2nd 
electrode into the anode plate of arc discharge. 

[Claim 12] The manufacture approach of the nano carbon according to claim 1 or 2 characterized by 
operating said arc discharge by an alternating current or the alternating current pulse. 
[Claim 13] Nano carbon manufactured using the approach of 12 claim 1 thru/or given in any 1 term. 
[Claim 14] The electrode with which it comes to hold the 2nd electrode with which the carbon material 
or catalyst metal containing the 1st electrode, and a carbon material or a catalyst metal uses as a 
principal component the carbon material currently formed in the front face in atmospheric air at 
predetermined interval, The arcing means which consists of a power source for impressing an electrical 
potential difference between said 1st electrode and said 2nd electrode, making the predetermined field of 
said 2nd electrode generate arc discharge, and changing the carbon material of this predetermined field 
into nano carbon by this arc discharge, The manufacturing installation of the nano carbon characterized 
by having a specific gas supply means to supply specific gas to the generating field of said arc 
discharge. 

[Claim 15] Having further a migration means for the 1st electrode to be a torch electrode prepared in the 
arc torch, and to make this torch electrode and said 2nd electrode displaced relatively, and making said 
torch electrode and said 2nd electrode displaced relatively The manufacturing installation of the nano 
carbon according to claim 14 characterized by impressing an electrical potential difference between said 
torch electrode and said 2nd electrode, making the predetermined field of said 2nd electrode generate arc 
discharge, and changing the carbon material of this predetermined field into nano carbon by this arc 
discharge. 

[Claim 16] The manufacturing installation of the nano carbon according to claim 14 or 15 with which a 
maintenance means for said 2nd electrode to be prepared in the base material front face, and to hold said 
1 st electrode and said 2nd electrode at intervals of predetermined is characterized by having a cooling 
means for cooling said base material. 

[Claim 17] The manufacturing installation of the nano carbon according to claim 14 or 15 characterized 
by having a wrap encapsulation means for the arc discharge field generated between said 1st electrode, 
said 2nd electrode, and two electrodes at least. 

[Claim 1 8] The patternizing approach of the nano carbon characterized by to have the process which 
carries out opposite arrangement of the 1st electrode and the 2nd electrode which uses a carbon material 
as a principal component in atmospheric air, the process which an electrical potential difference is 
impressed [ process ] between said 1st electrode and said 2nd electrode, and generates arc discharge, and 
the process which changes the carbon material of the predetermined field of said 2nd electrode into nano 
carbon by said arc discharge while making said 1st electrode and said 2nd electrode displaced relatively. 

[Claim 19] The process which carries out opposite arrangement of the 2nd electrode with which the 
catalyst metal formed the carbon material containing the catalyst metal formed the 1st electrode, the 
carbon material formed in the shape of [ of arbitration ] a pattern, or in the shape of [ of arbitration ] a 
pattern or in the shape of [ of arbitration ] a pattern uses as a principal component the carbon material 
currently formed in the front face in atmospheric air, The patternizing approach of the nano carbon 
characterized by having the process which an electrical potential difference is impressed [ process ] 
between said 1st electrode and said 2nd electrode, and generates arc discharge, and the process which 
changes the carbon material of the predetermined field of said 2nd electrode into nano carbon by said 
arc discharge. 

[Claim 20] The process which carries out opposite arrangement of the 1st electrode and the 2nd 
electrode which uses a carbon material as a principal component in atmospheric air, The process which 
arranges the mask which had the opening pattern of arbitration in the front face of said 2nd electrode, 
The patternizing approach of the nano carbon characterized by having the process which an electrical 
potential difference is impressed [ process ] between said 1st electrode and said 2nd electrode, and 
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generates arc discharge, and the process which changes the carbon material of the predetermined field of 
said 2nd electrode corresponding to the opening part of said mask into nano carbon by said arc 
discharge. 

[Claim 21] The patternizing approach of claim 18 characterized by said 1st electrode being a torch 
electrode prepared in the arc torch thru/or the nano carbon of 20 given in any 1 term. 
[Claim 22] The nano carbon base material patternized using the approach of 21 claim 18 thru/or given in 
any 1 term. 

[Claim 23] The source of electron emission characterized by using the patternized nano carbon base 
material according to claim 22. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the source of electron emission using the nano carbon 
base material patternized using the patternizing approach of the manufacturing installation of the nano 
carbon manufactured using the manufacture approach of nano carbon, and its approach, and nano 
carbon, and nano carbon, and its approach, and its patternized nano carbon base material. 
[0002] 

[Description of the Prior Art] The source of field electron emission is long lasting at energy saving 
compared with the source of thermionic emission which needed heating. There is a nanotube besides 
semi-conductors, such as silicon, and a metal like Mo and W in the ingredient of current and the source 
of field electron emission. In order to present the description that a nanotube has sufficient size and 
sufficient sharpness for itself to centralize electric field, and is chemically stable, and the mechanical 
strength is also excellent especially, it is promising as a source of field electron emission. 
[0003] There are the laser ablation method, an arc discharge method between the graphite electrodes in 
inert gas, a CVD method (Chemical Vapor Deposition) that used hydrocarbon gas in the manufacture 
approach of the conventional nanotube. Especially, the nanotube manufactured by the arc discharge 
method has few defects of atomic arrangement, and they are suitable for it in the source of field electron 
emission. 

[0004] The process of the conventional arc discharge method is as follows. After countering in a 
container and arranging two graphite electrodes, a container is once exhausted, inert gas is introduced 
after that, and an arc is generated. The anode plate of an arc evaporates violently, and generates soot, 
and is deposited on a cathode surface. An arc is made to maintain several minutes or more, atmospheric- 
air release of the equipment is carried out after that, a cathode deposit is taken out or cathode deposits 
are collected. 

[0005] The cathode deposit consists of soft porn containing a nanotube, and hard shell which does not 
contain a nanotube. In addition, when the graphite containing a catalyst metal is used for an anode plate, 
a nanotube exists in soot. A nanotube is picked out from soft porn or soot, the nanotube is ****(ed) to a 
substrate, and it considers as the source of electron emission. 
[0006] 

[Problem(s) to be Solved by the Invention] The technical-problem point of the source manufacture of 
electron emission which consists of the manufacture of nano carbon, such as a nanotube, and this nano 
carbon in the conventional arc discharge method is as follows. 

[0007] A vacuum housing, evacuation equipment, and inert gas installation equipment are required, and 
equipment cost is comparatively high. Exhaust air and atmospheric-air release must be repeated and a 
process is long. After process termination, in order to have to carry out recovery of a cathode deposit or 
recovery of soot, and cleaning of equipment, it is unsuitable for continuation mass production method. 
Moreover, in order to create the electron emission component using the nano carbon generated by this 
approach, there is also a problem that further many processes, such as **** to separation with soft porn 
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and hard shell, isolation from soot, purification, and a substrate, are required. 

[0008] This invention does not necessarily need a process vessel etc., but by the arc discharge using 

equipment with the arc torch for welding, or similar structure, it carries out the front face of the arc-ed 

material which used the graphite as the principal component in an instant, is made to deform into nano 

carbon (for a nanotube to also be included), offers the approach for creating the source of electron 

emission, and offers the manufacturing installation. Furthermore, the approach of manufacturing a part 

of arc-ed material front face or the source of electron emission by which was made deforming into nano 

carbon partially and pattern NINGU was carried out is offered, and the manufacturing installation is 

offered. 

[0009] 

[Means for Solving the Problem] The manufacture approach of the nano carbon indicated by claim 1 is 
characterized by to have the process which carries out opposite arrangement of the 1st electrode and the 
2nd electrode which uses a carbon material as a principal component in atmospheric air, the process 
which an electrical potential difference is impressed [ process ] between said 1 st electrode and said 2nd 
electrode, and generates arc discharge, and the process which changes the carbon material of the 
predetermined field of said 2nd electrode into nano carbon by said arc discharge. 
[0010] The manufacture approach of the nano carbon indicated by claim 2 is the torch electrode with 
which said 1st electrode was prepared in the arc torch, and it is characterized by having the process 
which changes the carbon material of the predetermined field of said 2nd electrode into nano carbon by 
said arc discharge, making this torch electrode and said 2nd electrode displaced relatively. 
[001 1] In the manufacture approach of nano carbon according to claim 1 or 2, the manufacture approach 
of the nano carbon indicated by claim 3 is characterized by changing the carbon material of the 
predetermined field of said 2nd electrode into nano carbon by said arc discharge, while said 2nd 
electrode is prepared in the base material front face, holds this base material by the cooling member and 
cools said base material by this cooling member. 

[0012] The manufacture approach of the nano carbon indicated by claim 4 is characterized by changing 
the carbon material of the predetermined field of said 2nd electrode into nano carbon by said arc 
discharge in the manufacture approach of nano carbon according to claim 1 or 2, covering at least the 
arc discharge field generated between said 1st electrode, said 2nd electrode, and two electrodes by the 
encapsulation member. 

[0013] The manufacture approach of the nano carbon indicated by claim 5 is characterized by the carbon 
material of said 2nd electrode being in any of a graphite, activated carbon, and amorphous carbon in the 
manufacture approach of nano carbon according to claim 1 or 2. 

[0014] The manufacture approach of the nano carbon indicated by claim 6 In the manufacture approach 
of nano carbon according to claim 1 or 2 said 2nd electrode The carbon material containing the carbon 
material containing a catalyst metal, the carbon material with which the catalyst metal is formed in the 
front face, B, and a catalyst metal, the carbon material with which B is formed in the front face or B, and 
a catalyst metal are characterized by being in any of the carbon material currently formed in the front 
face. 

[0015] The manufacture approach of the nano carbon indicated by claim 7 In the manufacture approach 
of nano carbon according to claim 6 said catalyst metal Li, B, Mg, aluminum, Si, P, S, K, calcium, Ti, 
V, Cr, Mn, Fe, Co, nickel, Cu, Zn, Ga, germanium, As, Y, Zr, Nb, Mo, Rh, Pd, In, Sn, Sb, La, Hf, Ta, 
W, Os, Pt, Or it is characterized by being these oxides, a nitride, carbide, a sulfide, a chloride, a sulfuric- 
acid compound, nitric-acid compounds, or those mixture. 

[0016] The manufacture approach of the nano carbon indicated by claim 8 is characterized by 
performing said arc discharge in the manufacture approach of nano carbon claim 1, 2, or given in four, 
supplying specific gas to the generating field of said arc discharge. 

[0017] The manufacture approach of the nano carbon indicated by claim 9 is characterized by said 
specific gas being rare gas, such as Ar and helium, air, nitrogen gas, carbon dioxide gas, oxygen gas, 
hydrogen gas, or these mixed gas in the manufacture approach of nano carbon according to claim 8. 
[0018] The manufacture approach of the nano carbon indicated by claim 10 is characterized by said 1st 
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electrode using a graphite or W (tungsten) as a principal component in the manufacture approach of 
nano carbon according to claim 1 or 2. 

[0019] In the manufacture approach of nano carbon according to claim 1 or 2, the manufacture approach 
of the nano carbon indicated by claim 1 1 operates said arc discharge by a direct current or the direct- 
current pulse, and is characterized by making said 2nd electrode into the anode plate of arc discharge. 
[0020] The manufacture approach of the nano carbon indicated by claim 12 is characterized by 
operating said arc discharge by an alternating current or the alternating current pulse in the manufacture 
approach of nano carbon according to claim 1 or 2. 

[0021] The nano carbon indicated by claim 13 is characterized by being manufactured using the 
approach of 12 claim 1 thru/or given in any 1 term. 

[0022] The manufacturing installation of the nano carbon indicated by claim 14 The electrode with 
which it comes to hold the 2nd electrode with which the carbon material or catalyst metal containing the 
1st electrode, and a carbon material or a catalyst metal uses as a principal component the carbon material 
currently formed in the front face in atmospheric air at predetermined interval, The arcing means which 
consists of a power source for impressing an electrical potential difference between said 1 st electrode 
and said 2nd electrode, making the predetermined field of said 2nd electrode generate arc discharge, and 
changing the carbon material of this predetermined field into nano carbon by this arc discharge, It is 
characterized by having a specific gas supply means to supply specific gas to the generating field of said 
arc discharge. 

[0023] The manufacturing installation of the nano carbon indicated by claim 15 It is the torch electrode 
with which the 1 st electrode was prepared in the arc torch in the manufacturing installation of nano 
carbon according to claim 14. Having further a migration means to make this torch electrode and said 
2nd electrode displaced relatively, and making said torch electrode and said 2nd electrode displaced 
relatively Impress an electrical potential difference between said torch electrode and said 2nd electrode, 
the predetermined field of said 2nd electrode is made to generate arc discharge, and it is characterized by 
changing the carbon material of this predetermined field into nano carbon by this arc discharge. 
[0024] In the manufacturing installation of nano carbon according to claim 14 or 15, as for the 
manufacturing installation of the nano carbon indicated by claim 16, a maintenance means by which said 
2nd electrode is prepared in the base material front face, and holds said 1st electrode and said 2nd 
electrode at intervals of predetermined is characterized by having a cooling means for cooling said base 
material. 

[0025] The manufacturing installation of the nano carbon indicated by claim 17 is characterized by 
having a wrap encapsulation means for the arc discharge field generated between said 1 st electrode, said 
2nd electrode, and two electrodes at least in the manufacturing installation of nano carbon according to 
claim 14 or 15. 

[0026] The patternizing approach of the nano carbon indicated by claim 18 The process which carries 
out opposite arrangement of the 1st electrode and the 2nd electrode which uses a carbon material as a 
principal component in atmospheric air, It is characterized by having the process which an electrical 
potential difference is impressed [ process ] between said 1st electrode and said 2nd electrode, and 
generates arc discharge, and the process which changes the carbon material of the predetermined field of 
said 2nd electrode into nano carbon by said arc discharge while making said 1 st electrode and said 2nd 
electrode displaced relatively. 

[0027] The patternizing approach of the nano carbon indicated by claim 19 The process which carries 
out opposite arrangement of the 2nd electrode with which the catalyst metal formed the carbon material 
containing the catalyst metal formed the 1st electrode, the carbon material formed in the shape of [ of 
arbitration ] a pattern, or in the shape of [ of arbitration ] a pattern or in the shape of [ of arbitration ] a 
pattern uses as a principal component the carbon material currently formed in the front face in 
atmospheric air, It is characterized by having the process which an electrical potential difference is 
impressed [ process ] between said 1st electrode and said 2nd electrode, and generates arc discharge, and 
the process which changes the carbon material of the predetermined field of said 2nd electrode into nano 
carbon by said arc discharge. 
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[0028] The patternizing approach of the nano carbon indicated by claim 20 The process which carries 
out opposite arrangement of the 1st electrode and the 2nd electrode which uses a carbon material as a 
principal component in atmospheric air, The process which arranges the mask which had the opening 
pattern of arbitration in the front face of said 2nd electrode, It is characterized by having the process 
which an electrical potential difference is impressed [ process ] between said 1st electrode and said 2nd 
electrode, and generates arc discharge, and the process which changes the carbon material of the 
predetermined field of said 2nd electrode corresponding to the opening part of said mask into nano 
carbon by said arc discharge. 

[0029] The patternizing approach of the nano carbon indicated by claim 21 is characterized by said 1st 
electrode being a torch electrode prepared in the arc torch in the patternizing approach of claim 18 
thru/or the nano carbon of 20 given in any 1 term. 

[0030] The nano carbon base material indicated by claim 22 is characterized by being patternized using 
the approach of 21 claim 18 thru/or given in any 1 term. 

[0031] The source of electron emission indicated by claim 23 is characterized by using the patternized 

nano carbon base material according to claim 22. 

[0032] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a 
detail based on a drawing. In addition, this invention is not necessarily limited to the configuration of 
illustration, and it is needless to say for various design changes to be possible. 
[0033] Moreover, in this invention, a carbon nanotube, a carbon nano fiber, a carbon nano particle, a 
nano horn, CN nanotube, CN (nano) fiber, CN nano particle, a BCN nanotube, a BCN (nano) fiber, 
BCN nano particles, or such mixture will be packed, and it will be called nano carbon. 
[0034] Drawing 1 is the outline model of the manufacture (patternizing) equipment used for the nano 
carbon patternizing method, the nano carbon manufacturing method, the nano carbon, the nano carbon 
base material, and the source manufacturing method of electron emission which are 1 operation gestalt 
of this invention. This operation gestalt carries out short-time generating of the arc discharge to arc-ed 
material using the arc torch for welding (inert gas shielded arc welding) and power sources (welding 
source), such as general-purpose TIG, into atmospheric air, an atmospheric pressure, or a predetermined 
gas ambient atmosphere. Instead of a TIG arc torch, a MIG (metal-electrode-inert-gas) torch etc. may be 
used. Moreover, equipment with structure similar to a TIG arc torch may be used. 
[0035] TIG arc welding is a welding process which is usually among an inert gas encapsulation, is made 
to generate arc discharge between non-exhausting W (tungsten) electrode and a base material, and is 
performed by adding a restoration metal independently [ when required ]. 

[0036] The arc torch 1 for welding which has the torch electrode 10 which uses the equipment of this 
invention as the 1st electrode as shown in drawing 1 , The arc-ed material 2 used as the 2nd electrode 
which countered said arc torch 1 and has been arranged, The power source 5 for welding which an 
electrical potential difference is impressed [ power source ] between the water-cooled bench 3 holding 
said arc-ed material 2, and said arc torch 1 and said arc-ed material 2 (for example, a point-of-contact 
arc, high- voltage impression, RF impression, etc. are raised), and generates an arc 4, It consists of the 
gas governors and flowmeters 7 which adjust the flow rate of the predetermined gas from the chemical 
cylinder 6 which is the source of gas supply which supplies predetermined gas, and said chemical 
cylinder 6 to said arc torch 1 . Moreover, 8 shows the point of the arc torch 1 . 
[0037] Drawing 2 is the expanded sectional view of the point 8 of the arc torch 1 in the manufacture 
(patternizing) equipment of the nano carbon shown in drawing 1 . As shown in drawin g 2 , the point 8 of 
the arc torch 1 is the space between the nozzle 9 of the arc torch 1, the torch electrode 10 used as the 1st 
electrode which consists of a tungsten etc., the electrode holder 1 1 holding said torch electrode 10, and 
said nozzle 9 and said electrode holder 11, and consists of passage of the encapsulation gas 12 supplied 
to the arc 4 generated between said arc torch 1 and said arc-ed material 2. 

[0038] The general-purpose power source 5 for TIG arc welding is the structure which passes gas 12 on 
the arc torch 1, and usually supplies argon (Ar) gas. In manufacture of nano carbon, especially the class 
of gas to be used is not limited, passes carbon dioxide gas, such as rare gas, such as an argon (Ar) and 
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helium (helium), air, nitrogen (N2) gas, and a carbon dioxide (C02), oxygen (02) gas, hydrogen (H2) 
gas, or these mixed gas, and does not interfere. Moreover, it is not necessary to pass anything. However, 
it is more more desirable to pass gas 12 on the arc torch 1 . Since there is little possibility that the 
generated nano carbon will be destroyed from nano carbon and rare gas not producing a chemical 
reaction when rare gas is used especially, it is most desirable to use rare gas. That is, in atmospheric air, 
since possibility, i.e., possibility that the generated nano carbon will gasify or deteriorate, that the 
oxygen in nano carbon and atmospheric air etc. will produce a chemical reaction is high, it is very 
effective to use rare gas and to prevent this reaction. 

[0039] Therefore, a container is the inside of the easy container which is an encapsulation means to 
prevent the effect of the convection current resulting from a wind etc. when you want to carry out in 
inert gas, in order to maintain clarification and the ambient atmosphere of a work site at stability, 
although it is unnecessary (a vacuum housing and a pressurization container are sufficient.) 
fundamentally. Moreover, the container or the container of an open sand mold of closed mold is 
sufficient. The whole equipment containing the activity section may be put in. Although especially the 
pressure in a container (envelope) is not limited, from the field of operability, atmospheric pressure 
order is good. 

[0040] In the usual TIG arc welding, W electrode containing thorium or W electrode containing a 
cerium is used for the torch electrode 10. It is better to use a pure graphite for the torch electrode 10, in 
order to avoid that the melting particle of W adheres to the arc-ed material 2 as drop let in manufacture 
of nano carbon, although those electrodes may be used. Although especially the path of the torch 
electrode 10 is not limited, in order to use a general-purpose torch, about l-7mm is good. 
[0041] Furthermore, as for the metal electrode holder 1 1, it is desirable like a general-purpose TIG-arc- 
welding torch to carry out water cooling. When continuous (or intermittently long duration) generating 
of the arc 4 is carried out for composition of the nano carbon of a large area, or continuous mass 
production method, the torch electrode 10 and electrode holder 1 1 which are the 1st electrode will be 
heated too much. Consequently, possibility that consumption of the torch electrode 10 will become 
intense, and electrode holder 1 1 the very thing will be damaged arises. If an electrode holder 1 1 is 
cooled by passing gas 12 (specific gas) on the arc torch 1 etc., it is lost that electrode holder 1 1 the very 
thing is damaged with heating, and since the torch electrode 10 is also cooled with an electrode holder 
1 1 , consumption of an electrode will be controlled further. 

[0042] The arc-ed material 2 which uses as a principal component the graphite which should be carried 
out in nano carbon-ized processing (that is, the carbon material was included in large quantities) is the 
counterelectrode of the torch electrode 10. As this carbon material, a graphite, activated carbon, 
amorphous carbon, etc. are usable. Although the size of the arc-ed material 2 is not limited, 0.1 -5mm is 
suitable for thickness. Moreover, it is better to process it on the water-cooled bench 3 which is the 
electrode base by which water cooling was carried out, in order to protect the arc-ed material 2 from the 
heat of an arc 4 (that is, possibility that the arc-ed material 2 by the heat of an arc 4 will be destroyed is 
reduced) and to cool the arc-ed material 2. 

[0043] Although the arc-ed material 2 may often be dried, it does not interfere, even if moisture is 
included. However, it is more more desirable to be dry, since the energy of an arc 4 will be absorbed by 
evaporation of moisture and will stop being able to raise temperature of an evaporation part easily, if the 
arc-ed material 2 contains moisture. On the contrary, when the arc-ed material 2 has got wet, it is moist, 
moisture is included or it is underwater, heating of the arc-ed material 2 by the arc 4 can be prevented. In 
order to prevent heating of the arc-ed material 2 similarly, direct water cooling of the arc-ed material 2 
can be carried out, or oil quenching can be carried out. Moreover, cooling media, such as water and 
carbon dioxide gas, can be sprayed on the arc-ed material 2, or can carry out a spray. 
[0044] Less than [ about 3 seconds or it ] is enough as the conducting period of an arc 4. Especially 
when it receives the same predetermined field, it is satisfactory now. Since an arc-ed ingredient 
evaporates and surface smoothness is lost although nano carbon can be manufactured even if it 
continues more than it and discharge, in the source of electron emission, it becomes unsuitable. 
Moreover, although an arc current can be used in the large range of 5A-500A, in order not to destroy the 
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arc-ed material 2, 30A-300A are suitable. Although the frequency is not limited when operating an are 4 
by pulse current, it sees from the actual condition of a general-purpose power source, and 1Hz - 500Hz 
is suitable. 0.1 -10mm is suitable for the distance of the arc torch 1 and the arc-ed material 2. 
Furthermore, when moving relatively and continuously the arc torch 1 and the arc-ed material 2 (i.e., 
when generating an arc 4 continuously so that the part where the arc-ed material 2 differs may be 
traced), the conducting period of an arc 4 is not limited. An arc 4 is made to discharge continuously, or it 
carries out continuation migration, it is made to discharge intermittently intermittently and the discharge 
field which maintained the optimal distance for manufacture of nano carbon may be formed in the shape 
of the line of discontinuity. 

[0045] When operating an arc 4 by a direct current or the direct-current pulse, the conditions which 
manufacture nano carbon on the front face of a pure graphite are very narrow. However, if the graphite 
which contained the ingredient containing a catalyst metal etc. as arc-ed material 2 is used, a lot of nano 
carbon can manufacture on the front face. Li, B, Mg, aluminum, Si, P, S, K, calcium, Ti, V, Cr, Mn, Fe, 
Co, nickel, Cu, Zn, Ga, germanium, As, Y, Zr, Nb, Mo, Rh, Pd, In, Sn, Sb, La, Hf, Ta, W, Os, Pt(s), or 
such mixture can be used for this catalyst metal. 

[0046] In order to make a graphite contain, these metal itself or an oxide, a nitride, carbide, a sulfide, a 
chloride, a sulfuric-acid compound, a nitric-acid compound, etc. can be used, moreover, instead of 
making a graphite contain a catalyst metal etc. — oxides, such as those catalyst metals, or a nitride, 
carbide, a sulfide, a chloride, a sulfuric-acid compound, and a nitric-acid compound - the front face of a 
graphite - spraying, spreading, plating, and a coat (vacuum evaporationo) - or you may pour in. That is, 
arc-ed material should just be having structure with which a graphite and a catalyst metal are heated by 
coincidence with an arc 4. 

[0047] When operating an arc 4 by an alternating current or the alternating current pulse, even if it uses 
a pure graphite, a lot of nano carbon can manufacture on the front face. Moreover, even if it uses said 
graphite electrode containing a catalyst, and the graphite electrode which covered the front face with the 
catalyst, a lot of nano carbon can be manufactured. The direction of a pure graphite rather has the high 
consistency of the nano carbon per unit flat surface. 

[0048] Drawing 3 and drawing 4 show an example of the approach of making it deform only one place 
or two or more desired front faces into nano carbon at once. It is the approach of making an arc 4 
discharging between the arc-ed material 2 and the torch electrode 10 through the mask 13 (hard surface 
mask blank) which presented the pattern of the front face which he wants to make deforming into nano 
carbon. 

[0049] Drawing 3 shows the condition of having made the arc 4 discharging between the arc-ed material 
2 and the torch electrode 10. Drawing 4 shows the nano carbon which grew by the approach of drawing 
3.14 show the growth part of nano carbon among drawing 4 . In addition, in drawing 3 and drawing 4 , 
about the same component as drawing 1 and drawing 2 , the same number is attached and explanation is 
omitted. 

[0050] Nano carbon is formed only in the front face on which the arc 4 contacted in the arc-ed material 
2. A mask 13 should just bear the elevated temperature of arcs, such as a refractory metal, ceramics, and 
a graphite, and a thermal shock. Moreover, a mask 13 may be directly carried on the arc-ed material 2, 
and may float slightly through a spacer. 

[0051] In the case of an AC arc or an alternating current pulse arc, spraying, spreading, plating, a coat 
(vacuum evaporationo), or the poured-in graphite can be used for an ingredient including the graphite 
which made the ingredient which includes a pure graphite, a metal catalyst, etc. as arc-ed material 2 
contain, or a metal catalyst. On the other hand, in the case of a DC arc or a direct-current pulse arc, a 
pure graphite cannot be used, but spraying, spreading, plating, a coat (vacuum evaporationo), or the 
poured-in graphite can be used for an ingredient including the graphite which made the ingredient 
including a metal catalyst etc. contain, or a metal catalyst. 

[0052] Drawing 5 thru/or drawing 7 show example of another of the approach of making it deform only 
one place or two or more desired front faces into nano carbon at once. This approach is an approach of 
using spraying, spreading, plating, a coat (vacuum evaporationo), or the poured-in arc-ed material for 
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the part on the front face of a graphite which he wants to make deforming into nano carbon for the 
ingredient containing metal catalyst 15 grade. 

[0053] Drawing 5 shows the condition of having made the arc 4 discharging between the arc-ed material 
2 and the torch electrode 10. Drawing 6 shows the nano carbon which grew by the approach of drawing 
5.14 show the growth part of nano carbon among drawing 6 . Drawing 7 is the enlarged drawing of the 
dotted-line part of drawing 6 . In addition, in drawing 5 thru/or drawing 7 , about the same component as 
drawing 1 and drawing 2 , the same number is attached and explanation is omitted. 
[0054] As shown in drawing 7 , the catalyst metal 15 disappears mostly from the front face of the arc-ed 
material 2 by processing using arc discharge 4. Furthermore, if it states to a detail, the front face of the 
arc-ed material 2 will become depressed slightly in fact, and nano carbon will be formed in this hollow 
part. 

[0055] Although nano carbon will be formed in the front face covered in the metal catalyst 15 grade if a 
DC arc or a direct-current pulse arc is used, nano carbon is hardly formed in the front face which is not 
covered in metal catalyst 15 grade. In the case of this approach, it is not desirable to use an AC arc or an 
alternating current pulse arc. Because, it is because nano carbon is formed also in the part which is not 
covered in metal catalyst 1 5 grade. In addition, it is more simple in order not to use a mask 1 3 at the 
time of arc discharge processing unlike the approach shown by drawing 3 by this approach. 
[0056] According to the manufacture approach by this invention, it can produce continuously by 
exchanging the arc-ed material 2 one by one. Or the arc-ed material 2 is put in order and moving the arc 
torch 1 can also produce continuously again. 

[0057] That is, the arc torch 1 is fixed, the arc-ed material 2 may be moved, the arc-ed material 2 is 
fixed, and the arc torch 1 may be moved. Furthermore, it is also possible to move the both sides of the 
arc torch 1 and the arc-ed material 2. 

[0058] Moreover, about relative displacement with the arc torch 1 and the arc-ed material 2, you may 
carry out manually (human being's hand) and may carry out automatically using the equipment which 
has a migration means to move the arc torch 1 in the three directions (namely, a field (the direction of X, 
and the direction of Y) parallel to the arc-ed material 2 and a direction perpendicular to the field (Z 
direction)). If an NC unit (numerical-control equipment) etc. is used especially, it is also possible to 
expose only the field which he wants to make deform into nano carbon to an arc 4, or to expose only the 
pattern part of the catalyst metal 15 to an arc 4. 

[0059] In the above manufacture approach, if air and nitrogen are used as a gas passed on the arc torch 
1, the nano carbon containing N and the so-called CN nanotube can be formed. Moreover, if spraying, 
spreading, plating, a coat (vacuum evaporationo), or the poured-in graphite is used for the ingredient 
containing the ingredient and the catalyst metal which contain spraying, spreading, plating, a coat 
(vacuum evaporationo), the poured-in graphite, or B for entering graphites, such as a graphite or a metal 
catalyst which contained the ingredient containing B as an arc-ed electrode, or the ingredient containing 
B, nano carbon including the network of BCN and the so-called BCN nanotube can be formed. 
Similarly, various nano carbon can be formed by changing a controlled atmosphere and an additive. 
Here, in B, boron and C show carbon and N shows nitrogen, respectively. 

[0060] Moreover, in the source of electron emission containing the nano carbon manufactured by the 
above approach, if oxidation removal of the nano particle which checks electron emission is carried out, 
the engine performance of the source of electron emission will improve. 

[0061] As directions as a source of electron emission of the nano carbon generated by the manufacture 
approach of this invention, a conventional diode method or a conventional triode method can be used. 
Especially, it is suitable for the display tube, a display panel, a light emitting device, an arc tube, a 
luminescence panel, etc. Furthermore, the application to the display of a complicated pattern is also 
possible by performing electron emission from the nano carbon generated in the specific part. 
[0062] An example of a concrete experimental result is shown below. Drawing 8 is the photograph 
which processed the front face of the graphite plate (nickel and Y content: 4.2 and 1.0mole(s)%, board 
thickness:2mm) containing nickel/Y into release atmospheric air (under atmospheric pressure) on the 
general-purpose arc torch 1 (torch electrode 10: graphite) for welding, and observed the front face with 
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the scanning electron microscope. An arc current is a result at the time of being referred to as direct- 
current 100A. In this drawing, it turns out that a lot of nano carbon, especially multilayer carbon 
nanotubes have covered the front face. Here, also when the graphite containing activated carbon, 
amorphous carbon, or a catalyst metal etc. was used instead of a graphite plate, the almost same result 
came out. Moreover, specific gas and when rare gas was used especially, the yield of the generated nano 
carbon increased. From here, using rare gas checked the very effective thing. 

[0063] Drawing 9 is the example which processed the pure graphite front face with the AC arc of 100A, 
and observed the front face with the electron microscope. Also in this drawing, it turns out that a lot of 
nano carbon, especially multilayer carbon nanotubes are formed in a front face. The carbon nano particle 
etc. was contained in this deposit. When the electron was made to emit with firefly luminescence tubing 
of diode structure using this sample and the phosphor screen was irradiated, it observed visually that a 
phosphor screen emitted light. The result at the time of using the graphite containing activated carbon, 
amorphous carbon, or a catalyst metal etc. instead of a graphite plate here and the effectiveness at the 
time of using specific gas were the same as that of the case of drawing 8 . 

[0064] Although the above-mentioned example showed the example (that is, the base material is making 
the 2nd electrode serve a double purpose) which used the graphite plate as arc-ed material 2 in which the 
graphite (the 2nd electrode) was formed on the front face, it is also possible to use what (that is, for a 
base material and the 2nd electrode to be formed in another object) prepared the solid pattern or the 
patternized graphite layer on the metal plate. 

[0065] Moreover, it is also possible to use what prepared the solid pattern or the patternized graphite 
layer on electric insulating plates, such as a glass substrate and a ceramic substrate. When using this 
electric insulating plate, a solid pattern or the patternized metal (metal which does not evaporate at time 
of arc discharge, such as aluminum) layer may be further prepared between an electric insulating plate 
and a graphite layer. If an electric insulating plate is used, manufacture is easy and cheap also in respect 
of cost. [ using a graphite plate etc. rather than ] 

[0066] Furthermore, it forms with a thick film with screen printing etc., or a metal layer can be formed 
with a thin film with a CVD method, mask vacuum deposition, etc. This metal layer can be used as a 
wiring layer for impressing potential to nano carbon and making electron emission perform, in case nano 
carbon is used as a source of electron emission. 

[0067] Furthermore, the catalyst metal 1 5 can use a solid pattern or the patternized thing again. About a 
graphite layer and a metal layer, although a solid pattern is sufficient, it is also possible to use what was 
patternized according to the pattern of the catalyst metal 15. This catalyst metal 15 can be formed with a 
thin film with a CVD method, mask vacuum deposition, etc. 

[0068] Although the above-mentioned example showed the example which uses the nano carbon on a 
base material (arc-ed material 2) as it is, of course, it is also possible to dissociate and refine from a base 
material (arc-ed material 2), and to use it as nano carbon of a simple substance. It is good at an angle of 
the arbitration which is not limited to a right angle in the above-mentioned example although the include 
angle of the arc-ed material 2 and the torch electrode 10 showed the example of a right angle, and does 
not have trouble in manufacture of nano carbon. 

[0069] The nano carbon manufactured by the manufacture approach of this invention can be used for 
occlusion objects, such as hydrogen. The nano carbon manufactured by the manufacture approach of this 
invention can be used for the mixture to the mixture to a rechargeable battery electrode, a rechargeable 
battery electrode, and a fuel cell electrode, and a rechargeable battery electrode. The nano carbon 
manufactured by the manufacture approach of this invention can be used as mixture to rubber, plastics, 
resin, the ceramics, steel, concrete, etc. By mixing this nano carbon into these ingredients, 
reinforcement, thermal conductivity, electric conductivity, etc. are improvable. 

[0070] The nano carbon manufactured by the manufacture approach of this invention has the description 
that a lot of nanotubes, especially multilayer carbon nanotubes are contained in soot. Moreover, there is 
the description that the nano horn is also contained in soot at a multilayer nanotube and coincidence. 
Similarly, there is the description that the carbon nano particle etc. is contained. 

[0071] Here, a nano horn has the configuration where the graphite sheet was rounded off in the shape of 
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a cone, and shows the carbon nano particle which has also closed the tip in the shape of a cone (refer to 
reference "Pore structure ofsingle-wall carbon nanohorn aggregates/KMurata, KKaneko, F.Kokai, 
KTakahashi, M.Yudasaka, S.Iijima/Chem.Phys.Lett., vol.331, and pp. 14-20 (2000)"). 
[0072] 

[Effect of the Invention] According to this invention, very easy manufacture approach and 
manufacturing installation of nano carbon can be offered. Moreover, manufacture can offer the 
manufacture (patternizing) approach of the source of electron emission (substrate for the sources of 
electron emission) and manufacture (patternizing) equipment using the nano carbon and it in which 
continuation mass production method is possible easily. Furthermore, one place of arbitration or two or 
more places can be provided with the approach and equipment which manufacture a nano carbon group 
easily in the shape of [ of arbitration ] a pattern again. 

[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawin gJJ 




[Drawing 4] 
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[Drawing 8 ] 
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[Drawing 91 
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[0007] st^is. nztitsmm. xistixzaix 
msifinmv^'), ms^zimtmns^ Ufa, a 

li^isj«r'*4. sit, cc*i*r-46£ofc^/*-i< 
ffi^©ia}#« £MCC » < ©ISAittJU'C* 4 £ i, HE 

[0008] tsmit. i , u-kz&®m*£.?i / 

^S4^t,^c7-J'Bt«Jcj:- 7 t:. SHS*^6£f}£0 
30 fctS7->W©aS&BSB$ti:i/T7^*-i<> (7y* 

©^a^^U. <-©iSeSg«:^«t-4«,©C*4 0 
. 1*7 - > tt&KO-tm O < «SI59««:7 ^ ti - 

s-r z-M&zm u . •e©^ii^.s£ ig^f * i ©r a 

[0 00 9] 

[iSS«r«?ftT4fc«!>©^«g] SS*fi 1 (C!2«3tlfe7 
^*-K>©|i!!ig-&^ii:. S1@S£. JftXtWtfJtt 
40 »£T*^2S©«:, ^a^rjfhSJKiB? 4Iii£, U 
ffi* 1 SS£iliS2M2@fiO£©ft1lC*E4EniJIiL,-C7- 
J'a*€rlfeiai*4Ig£. |5iBS2SS©fifriEp.J|S© 

[ooi o ] §b#ji2 u&mntci- Jt>-*i><im : & 

T3'£it, IJI2* 1 7- * h - *CCKW*>ftfc I- 

S«r-?ffiffi£|9i2S2Se«:iBM^ 
««t/i*i=>. BASH* 2 *fii©9H6«a©.«3RMM*l5 
SB7 - i» J: »J 7 ✓ * - * >tC|S5 * MiL fc 
50 C£«;4l8t£L-Ct,^„ 
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1 0 Oil] IS*£3 ic&mntcl- Si?-#Z>(OK& 

*•&*, ffltm i xi* 2 etta»- ^ * - *>€oaia*tt 

MMtcc J: 0 &*pott*6 . mate BSoffittmo 
^SW4«rB5S27- J: 9 * 

tcfci>t\ ^WKi*. msSl6S£BtSS2«fii 
PJigSiRfl -eft* 1/ fc r - * &*ii5JS£ ItififfltCBl * <t 
ifih . DUBS! 2 ■S09Km«>JRft Htt**l2 7-5 

[0013] b**5 iceasnfe* 

»*h 1x1*2 K^toty^-iK^osaia** 

[ 0 0 14] Ig#3g6 KBfcSnfc* 
#fe*, «J*WlXI*2B<W>^y*-4<>C[)«a*tfe 
IC*H»T, 1ffiffi2S&ft<. MttftR£&Wl''Cl>&M 
SttM. ll^&B^*B^ftJ.«$nr^&^SM»4, B 

sn-ci'SJWRtttt. < i*b wNM£B*ittflK 
ri»4. 

[ 0 0 1 5 ] ig*3g7 KK»Snfe+ 

r. nettttftB*. l i , b. m*, a \ , s i . 

P, S. K, Ca, T • , V, C i\ Mn, Fe, C 
o, Ni. Cu, 2n, Ga. Ge, Ac, Y. Zr, 
Nb, Mo, Rh, Pd, In, Sn, Sb, La. H 
f. Ta. W, Os, Pt. #L/<t*tn&0Kfbto. 

fttktt, ttfbu. Mbk. Bffctt. ttiflteto. «B(k 

[ o oi6] 18*318 eBfcsnfc-*- ^-*>©38ii 
Tftftf, Sd*W 1 XI* 2 X« 4 lE$SCC"f ✓ a - stocrtj 

B^&ccfei'-c. bet- »m«)R£M«ic4ft£#A 

<:Kttl/«^6. BBT-*BWfctT$C±*ttBtl/ 

tv4 c 

[ 0 0 17] IgtfJgS K1I2*8 nfc+ 'ft-joens 

r. H5Eft£tf*#, Ar, He 

JKB#A. ***A;gO<t*t:ft 

[ 0 0 18] e3#J£ 1 OKBBSttfc^sft^itOQH 
m$t£\t % S##«lX«*2SStt«>^-/*--*>©8!36* 

jtecM-r, nse» i B&a*. jms«u< t*w < ? 



(4) M2 00 2-2202 1 5 

5 

[ 0 0 1 9 ] IS*?? 1 1 iCEUitifc-*- 
&#&!*, »#IB 1X1*2 K»«>t-/*-#>©«it* 

mctei'X, BBT-»BB*Bttgo< i*ass^^A 

"fiMEU BEB2«S*7--**WI«SS±T4C4 

[0 02 0] B«3B1 2<CK»Snfc+>'*-#">a>ll 
£#£(*, »#l«lX«2ffitt«>^^*-*>©jBBi* 

jBc^r, BB7- u< ussafc/w* 
[002 i ] B#jri 3 KB»anfc+ ✓*-#>«*. 

»#r§l7?>Sl 20fln^-«C«t©^«Ji^xHfi 
[0 02 2] B*«14<CBft«nfc*s*~iK>0H 

&ggi*, bibb*, BBtwxttttBastawu 

r t » ftJRXttM XI**BaB#*fflfc »f& $ 4rc c i&M 
«*snrft4«at, m»i«C£W£W2«fi& 

.^s*mt^^*-^><c*>i4fc^s^6^47 

C^4 t 

[ 0 0 2 3] ig*3P 1 5<CK«*nft:+y^-#>«>» 

is^gi*, »#wi4aa^^^*-#>«s>«a*Bcc 

to^'C, »i«S^, 7-^h-^(<:i»^^nA:h- : ? L 
tfftWk^BtKcciro. nE^yfWdB«B*2« 

Si OC^E «:£nft3 OX . m&M 2 «S©^E tm^C 
T-fiim&£i£.$i*X. H7-»lk«(CJ:«7ll0K« 
WDNXtm^ ^ ^ - «K> tc* ^ 4 c 4 fcftita i u r 

[0024] IB*^1 tlcKtoStltti-sij^&vM 

ii^gi*, it#ni 4X4* i zmu<Di-s*7~#i>o>m 

SSgtCfeC^. HI8aS2fBS^ SHSffltCRrtfen 
f4<3 0 . Iliia^ 1 SS46taS2 McafCBM-COK 

40 wt4ci««iati/t:i»4. 

[ 0 0 2 5 ] i 7 KBttSnfc* ✓ 
iS^gl*, aS*J[i 1 4X4* 1 ssass^+^^-^xou 

«Bis««Bt«£fei/fc7- ^tnmta^Ba^ 
[0026] is*ii e^ass^n^+y^^'x^M 

Si mas 2 «ie t <omc tsKzento ox?-* as* 
so ^45^ 4xfi <l . mzzm i ^s <t iaB 2 ^ei ^ tgM 
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1 0 0 2 7] 18*Jg ! 9&Ktt$tvtci-si7~tfi>o>>i 

*->fb#&tf. bisk*, ttm^t-stiuctm 

&g *SW l/C c MBRHMXttCESCD w < * - > ttKfi* 
ftfctttt&H**9K: ».« 5 4TC v >6ttXttt«*£ 

mam i ^ffia;H»iga^2«Si<ofeiic«E«:6n!i]urr 
$->\ti3mz. arise*, msmmzmt?* 

[0 02 9] lg#Jg2 KCKHSAfc-f ✓*-#>fl[>M 
*-^ft*tt«. 87122 OWdtw^-flEU 

7->h-^(CSJB*6nfch-?«S-C**Ct 

[ 0 0 3 0 ] 2 2 ic an £ y 
It BfeEf 1 87)£2 10fflftatt»--l|lZ«t«E>ttfc«JB^ 

10 03 1 ] I5*3g2 3<CK»*nfcWfltfflBtt, !S 
[ 0 0 3 2] 

[0 03 3] *fc, *ftW'Ctt, 
y, *-i<>t/7T^^ t/* 
CNt/?^-7, CN (^/) 7t^<. CN 
*VfW-. BCN^/^^-y, BCN 

[ o o 3 4 ] a i t*, *»W!)-^ttniai'c**'t ✓ * 

T. SWOT I G»fl««Jffl7-^ h-* CTCStttfA 



KttU 7->JW*«WB»48**t>«[>X 1 **. T 
I G7-^ t-?4>KfcDtt:, M I G (ine t a 1 - e 
!ect rode-mer t-^as) t ~f 9*fJ 

Wl/XtAl*. *fc, TIG7-*h-*cc$fKUfc1fi 

»-P»B*: WPQ 1/ X h ftC ^ 
[ 0 0 3 5] T I Gtttftt. affJffitttfAlttl*** 

MtMW (^>^Af» «StStt&«MIC7-»lk 

[ 0 0 3 6 ] ■ 1 Kin?* 5 *%9KPtt5i*. 0 1 
^>&t?Z> Y-??m ! 0 tW* &S»JSG>7- * h - 

Ma7-^h-^i(cswju-cEasnte»2 

SSI *i*7 - *t*2 <L . Pia«*7 - > ft 2 * ff » O 
3 I51S7-* 1 <tluiEte7-^ 

W2 t©iatc«E*epiJB (phai*, ttHjgia. s^sEn 
-tt4»»«o««5t, ma7->h-*iKai«o# 

[0037 3 @2ii, g] 1 ICnUtci- /^-iO^Kjg 
(^5r->ffc) KSCCfert47->h-*l(0*4SfiB8 
4>tt*ftB9H'C*6. S2^7nf 7-^h-* 
10C*5g^8ii. 7-^h-*i(D/X'U9<h. 

30 7-^r-^l tWBt*7->tt2tCEat l «tl/fc7 

[ 0 0 3 8] Vimo>T ! G««JQ@flS 51*, 7- ^ ^ - 
=f> (A r) ^tmeti, ty^-i<>^>SS!eccfe 
XAf) . (He) U£<oni1Z. ^Sv. » 

x (N« > "Sfb^s (co, ) mom**. 

ft<-C«>J»^. [SI/, 7-»f-^l«H*#Al 2&« 
tt. ^^^-^>tft^i^fb^Sfc«:^O^^Ci 

L/ C . C a>Slt«:PA < C <!; O^StCttSmr* . 
50 [ 0 0 3 9 ] tt VC, «*«CC*Bttsfi»«Pl^. ffS 
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?n ** c <ticiga a n&atacMias 
*tte%i'«sa£ccii. tta*B-c**»iWt*Brt 
<aa«S i MflESB'Cii>at*. *fc. MiiQffit 

At \ ) Kfl-£g[l£Stt£g±<$*: 
/JvcfcJlU'. «S (9tBB> rt<DE^ti^ccp«$n 

[ o o 4 o ] mnm i Ga#ri*. h-*@a i o cc 

h l» WfHi»*v»tt-b »J -5 a AO WBB#fUB 

K a 9 7' \,?b£UX ftST*©* * * fc«>. ttAtt 
*h-MiBl 0£Ri>fc£*J:t*, h-MlfilO«> 

[0 04 1 ] Sic, ftB0TIGfttth~?<M:9CC, 

^gsa^ft^^i itt*»sn*c&#B*u>. * 

ttfc»&, 0 1 f»C** h-*Bfi 1 0 * JtflS* 
Si 0©M«#»l/<&9. Sfc, M*JU4Tl lift 

mmz>m$\±&±oz. r - * h - * i k# * 1 2 
n*. *£ft*^yi is(*3Mrt»tcj:o'ca*Rr*ci 

ttB<*0, Ifc, h-?«fflOt*B;M>Yi 11? 
»*JSn*fc*>. BBaMffeMVMSft*. 

.«»<LT* jK3RHH*AWC^K) H7-> 
♦*2tt, Oe*!MS&'CA&. C©££tf 

ttit/Ttt, Its. iittft. r*^?r 
s^fifPW-eA^. fir - * w 2 ©im xmffi s n* 

I**. BSIiO. 1 5 a mamas?**. *fc. 7- 
M©^fct*7-Ht2*«®-r* <fffe, 7-* 4 
Oftfc J: 6*47 - Ht 2 ©titt $ n* nlBtttlHR-r 
*) 7c»tC, B7-**t2*tiHW *&», *£<*4lfc 

sfifer***^ > * 3 ©±r'to**##«fc<r>„ 

[0 04 3] K7->tt2«J:<Wlilyr*Av^ * 
9tSA/CV'CtBGXitai'. fill/. i*7-*tt2# 
*£*a/U?l>44 % r-»4Q***?~2Att0©ffi 
fcfcBttSft-CU*^ B£flff<MHK*±MlB<tt* 
fc». ^l/?o*#tf£Dtf£U». ifiK, K7-> 

tt23WBnri»fco, fiva*fco. *»&£A/ct*fc 

•J. **«£*->*♦?**»&, 7-*4lCj:£|£7-* 
tt 2 ©JJ0&*|# < C t #*C * * P HfKCtt7 - * ft 2 © 
fiBgl CM < fcftfc li, «7 - * «■ 2 * ftftMft U fc 0 , 

©£*Mfi#*. K7-*tt2tCftatttffc»), 

[0044] 7-^4 a>tt«nn». 3#«fcg t, < it 



(5) ttB2 0 0 2-22 02 1 5 

10 

^nWTt?+»'C** 0 We, B-CBfSWWcWT* 

L/. TOttaHfeton*fc*>. «?JfcUBictt7&g£tt 
*. *fc, r-»flHtttSA^5 0 0A4>ftl<BBTfl 
&?»*#, tt7~9tt2eStt(s&Wc»lca. 3 0 

a^3 0 0a#ss-c**. 7-^4*M;uAsgfc'csa 
«r*»s, «©BtttM*R«snttt>*, {us who 
i h z -5 oo h z^aa?**. 7- 

io >h-^itM7->|#2t«Bltt*0- l-l Omm 
sPBD-C**. 7-*h-*l <Lt47-*H2<i: 
«tB«fttc:^i**«Ki»fl$i**«S, HJ*. K7- 
»H2<E>Rtt«Blr*hu-Ar*J:9CC7-»4*ji 

ftis 7->4©IW*»l»tttciTte*, ttftpA? 

[0045] 7-^4 *4a*i/ < &m&<>i>xx'jm 
vcatrtmcOTroflcMiBMi'*^. t&wt* 

~*K>**4>ftfi(Clt&ce*. ttWttflWCtt, L 
I, B. Mcr. A ! . S i, P. S, Ca. T \ . 
V, Cr, Ma. Fe, Co, Ni, Cu, Za. G 
a, Ge, As. Y. 2r. Nl), Mo, Rh. Pd, 
! ii, Sn, Sb. La, Hf . Ta, V, Os, P 

[o 04 6] *H(cdWd«*(c». ctihv&mtt 
30 mb<\m\m mm. tiM, m 

«6Bi9*jMa<cftWdtf*fu>9«:. *n<&©ntttft 
■V. Su<«Kfk*i. Sit*. MNbtt. »(t«, ftffc 

is. (^g> so<«aAt/"cim*. 

•^so. Itr JBiatJ*«6Bi3W0««:7- 

[ 0 0 4 7 ] 7 - ^ 4 < «S«Mju^-ca* 

[ 0 0 4 8] @ 3SC/S14 «, »rtt©-BBf#l/ < lit? 
ftSiS©*ffltttf ✓ &2 H ** 

u*ct**. + ;*-#>fctti^cK 
B©^*->tBlfA:^^^l 3 K^A^) 
OX. 1tLT-*tt2t h-^S«l 0 4©B-C7-^4 

*ftB«i***ftr**, 

50 [0 04 9] 031*, t*7-ir**2<t h-^BBl Oi 
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1 4»*7V*-#>CDfiMH^**OTl'*. ft 
fe. @3SO'@4tCfet^. BiatfB2<tBt;l8.«SI 

[0 05 0] t*7-Ht2Kfcl*T. 7-»4#ttttb 

V* ft uxtrTfricmntx <» At*. 

I 0 0 5 1 ] &*7- *«l,< tt£»*JUX7- *0>J£ 
*3&Sl*ft:JRtt. Xtt. ftfMHWtSftttH** 

fit <*A7- lUttlffWCftftl'V. &B 

< «SA 1/ fclfllU* JB l» * C t ffiV9 *o 
[ 0 0 5 2 ] 0 & 7h%m 7 (*, BraflO-HBfr^L < life 

wtur- *M*f«rr *#tt-c*4. 

[0 05 3] B&tt. S*7-*tt2<!: h- 4 
«^r7-*4«M31Hd«*mT. B6fi*. 05 
<^&KlJ:04Ulbfc^/«^sK>f:9trrc^ 06 

«. B6«»£»»fM>ii*Bl?**. fcfc, B5 7)£B 
H - ft U -cm 

[0 05 4] BTiCSW.fcSCc:, tfftfiJSlSfi*. 7- 
^ft*4*«Hl/telnx«: ( »:-j'C 1 t*7-*tt2©*ffl 

*47 - * W2 o«BJ»ter*C£ < «». Cfl>< tftMKB 

[ 0 0 5 5 ] fiSfc7- IfllB^AAr- >t» 

ftB«Wi 5^caebn«:aB«ctt^^*-* 
>sMfMl3A&a'. ftBUBi svcBbn-c^a^* 
ffl{c«^✓^-?K>WJ^^^'^B.«^nft^• e©#ft 

3SE*7 - f a 0 < tt&ft' * 7 - * * flil * ft 

n-c c »ft t * hmk <> * ✓ a - * >#Ka3 n*fc»r * 
ate, cco^s-ciffls-ca^fc^stBao, 7 

~»MlllllNfCe-?A»l 3*«JBU*U*fc». £QB 
[ 0 0 5 6 ] *^icj:«Mftl!ra<c J:n«, 1*7- >? 



'?) WI20 02-2 202 1 5 

12 

Sl'tiSfc. tfc7-»tt2 6ttK'Cfcft, 7-^h 

[0 05 7] V«. 7~-*h-*l*B*U'«H»Ttt 
7-*#2**B81t'CiJa*U «7-*t*2«:B* 

i/^rr-^Hf 1 «Mkstrc«>J:t'. sec, 

7- ^ h - * 1 &.0147 - * « 2 m*mm c 

[0 05 8] 7-*h-*lc!;tS7-*tt2<t$> 
♦SWfH&ic^i'Ct*, *fl <ABfl>?> T??T-?*CiJ:C' 
10 O. 7-*h-f l*3*ft Hr-»tt2CC¥ 
ffftiB (XtfrtRCXYtfft) aeK-©ifiK:fi<tft;friai 

«»©J&«r7- ^4 CCS <h «>5Itt1?A*. 
[ 0 0 5 9 ] UJtftt&ttfoCttl'-C . 7- » h - * 1 

fcJRB. *l/ < ttB 4d^W4a^ftUateJB*S«yt*H 
o>^/^-K>m«r^r*o ccc. b c 

30 [ 0 0 6 0 ] * fc, eLh©**K J: o "CMS t ✓ ^7 

[0 06 1 3 *^C0«fi*fttcj:oX^.«Uc^^^ 
-#^0»**BWiU'C©HIB*&Lrtt, «*<^- 

40 ^©ItflfcpItt^CA&o 

[ 0 0 6 2] AlWW^»©-^*6lT^ait". 08 
It. N i /Y*SWbfcJB«fi ( N i KETYdHB : 
4. 2ao'l- Orao I fiJ5: 2mm> ©SB«r 

mcommr- * 1 ( h - i o ■. sas) 
rBtt*a* (*sret> «*i*rJi]iu ■c-cc-.sa* 

eat i o o At i/fctBdettA-cft*. naccMir. 

50 OiC. ffltWXtt7*Jl?TA^-iK>Xl*«(lfrtS* 
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r*^c. 5 ft, wc, ftttxtttnt/feOdfc: 

it. ^snfc+^*-#>©*a*««BUfc, tea* 
&. •#xtRw**ct# 1 #*c»sm*4c4 

tMBbft. 

[ 0 0 6 3] B9li, fMMB* 1 0 0 A<z>£at7- 

4. HHWlfct^Cfe, *7-#'>, 4?K#II* 

^wfeiB<c^« s jvc ^ 4 c t 
4, cowmm+icm:, *-*>^tt*&*vi>a*n 

C±*B«-CH»Ofc. CCtT\ MBfiORfeQfc, iS 
[ 0 0 6 4] ^BflOSftWn^tt, ASS <^2^S) *s 

i/ fete r - * *t 2 £ o -cMBfeftftJB u ^ < bp 

1 0 0 6 5 ] #?*St£«>-fe* 5 9 *&K54>3» 
JiS^ccicc^ 5? ; < £ - > XttJ" * # - > f k 1/ fcn§8B*s 

ICC, tt«&£AttBa>HtC. 

* - / < - > it uc&m < r * s - 0 jumo? - 

[ 0 0 6 6] . X * «J - >£PH 

MKJQBB-CBJlll/fcQ, CVDS^A^SSi* 
*0W»CBJ|W 4C &^PltfrC*«. COfijSJa 

mBtisTtUflrc**. 

[OOeTUMft, Ml8&Bl5tf, 
X**-' < * - ><t L* ft ttBT 4 C &»?l*Clb«. 

i>y nmskmi bo>i*-i>icmoxj**->ttbfci> 
<o^m^hcti>-^m^ho cemukmx sit. 

«* C V Dtt*-*A*iR«3S3ffc J; 0 BftcjJWW 
4C£tf?I1frC«4. 

[0068] iRMPIttt, Stt <t*7-*H2 > 

i l/fttHl* 4 C <L 4. ±I2fl>& 

tfePH'CIt, S*7-*t<t2<L OtOftfttt, 

eMBccAftKE I - e a© fifcT 1 J: <, >, 



(8) WB2 0 0 2-22 02 1 5 

14 

[ 0 0 6 9] $WSG>«ffi#&lC J: ^XWkOtci- s * 
4cS«CEMMtfk(^Wt l «4. *»W©«3t 

&l>tcts*7-tf>\t> $K 7 y (MSB. -b 

ffWt?*4. B-f-^*--iK>tcn6flD*WK:««4 

10 

1 0 0 7 0 ] *«»0||&#&IC J: otUlUfet ✓ ^7 
-^>^y**-y^*nr^4ic^ftfifc^4 0 

>ia*nt:i^4ic^«a^*4. B«tc, 
^-/tt***-ta*nTi»4tc^i»a»*4. 

Ti^^-^+^ttWW (ApR rR>r* structure 
20 ofsinqle-nall carbon neinchom aqqreqaies/K,fcUrat 
a, K,Kaneko f F.Kbkai f K.TaRahashi f fcLYudasaka, 5.! 
liinvt/Chow. Phvs. Lett,, vol. 331, pp,14-20(200 

[ 0 0 7 2] 

SS^S8a6* 1 iao'*laSSS**l«T4C ttfCft*. 

fi) CCaSaS (^5f->ft) ££fc£tfSffi (M»->fb) 
30 SKK*tt«r4Ci^r#4 0 Htc^ft:, ffS©-H»f 

a«:S6i*4*ttRcx»tifi«'r4ct^'c*4. 
[iKinn] 

[B2] HlC't^^-jKx^Kjfi (^♦->ft> 

[B3] ^©S^tC^/*-^>^SB.« {.><^-> 
(t) T4*ft©- ««rmTBt 1 i3b4, 
40 [B4] @3cc^tcJ:0^bA:^y^-i<>^f 
0C*4o 

[■&] «*©WrKi^^ 
(t) T4*it©flS©«Mt:^ria , C*4. 

[B6] B5(D^i(CJ:0aB!OA:^y^sK>€:nfr 
9^*4. 

[07] B6©jMfll{M)ttAB|t?*4. 

[B8] *«7-^jS<£t?N i /YSe^SWOfti^SS 

m 9 ] a*7 - * a^MUKKiaKdMixsaurc t 

so s*-#>&mirmX'ib&. 
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2-Kr-*tt. 
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